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T HE Engineering Experiment Station was established by act
of the Board of Trustees of the University of Illinois on De-
' cember 8, 1903. It is the purpose of the Station to conduct
investigations and make studies of importance to the engineering,
manufacturing, railway, mining, and other industrial interests of the
State.
The management of the Engineering Experiment Station is vested
in an Executive Staff composed of the Director and his Assistant, the
Heads of the several Departments in the College of Engineering, and
the Professor of Chemical Engineering. This Staff is responsible for
the establishment of general policies governing the work of the Station,
including the approval of material for publication. All members of
the teaching staff of the College are encouraged to engage in scientific
research, either directly or in coiperation with the Research Corps,
composed of full-time research assistants, research graduate assistants,
and special investigators.
To render the results of its scientific investigations available to
the public, the Engineering Experiment Station publishes and dis-
tributes a series of bulletins. Occasionally it publishes circulars of
timely interest, presenting information of importance, compiled from
various sources which may not readily be accessible to the clientele
of the Station, and reprints of articles appearing in the technical press
written by members of the staff and others.
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FRACTURE AND DUCTILITY OF LEAD AND LEAD
ALLOYS FOR CABLE SHEATHING
I. INTRODUCTION
1. Previous Work on Cable Sheathing Alloys.-Bulletins No. 243
and 272 of the Engineering Experiment Station of the University of
Illinois give results of a previous study of the creep of lead and lead
alloys. Bulletin No. 306 gives further data on the creep of lead and
lead alloys, especially at the lower stresses commonly experienced by
cable sheaths in service, and on the fracture of lead and lead alloys
under steady loads for long periods of time and under steady loads
with some vibration added.
2. Scope of This Bulletin.-At the beginning of the study of cable
sheathing about 14 years ago, attention was focused on a new problem
that had arisen in connection with the operation of high-voltage
impregnated-paper-insulated cables. The use of higher operating volt-
ages had necessitated an increased oil content of the impregnated-
paper insulation. Internal pressures developed by this oil caused ex-
pansion of the lead sheaths which, when the cable cooled during
decreasing load, permitted gas pockets to form in solid-type cable or
air pockets to form in oil-filled cable. These pockets were weak elec-
trically and were, therefore, undesirable in high-voltage cable insula-
tion. The research was directed mainly toward the subject of the long-
time creep of lead and the commercially available lead alloys.
As test results were obtained on this subject of creep, many of the
sheaths in service were expanding to the breaking point. Localized
cracks developed which obviously would permit oil to leak out and air
and moisture to enter, with consequent impairment of the insulation
of the cable.
During the past few years special attention has been given to this
problem of fracture under long-time load, and this bulletin gives
results of the investigation to date, and includes consideration of
fracture under long-time steady load and under repeated load.
3. Acknowledgments.-This study has been supported by funds
supplied by the Utilities Research Commission, H. B. GEAR, Chairman.
The Advisory Committee appointed for the study of this investigation
is as follows:
K. W. MILLER, Director of Research, Utilities Research Commission*
H. P. RUGE, Acting Director
*Mr. Miller has been given leave of absence to engage in work with the War Production
Board.
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HERMAN HALPERIN,ý (Chairman), Assistant Equipment and Re-
search Engineer, Commonwealth Edison Company
C. E. BETZER, Supervising Engineer, Engineering Department,
Commonwealth Edison Company
C. A. CRAWFORD, Testing Engineer, Commonwealth Edison Company
C. A. JAQUES, Assistant to Electrical Engineer, Public Service Com-
pany of Northern Illinois
B. R. RICHARDSON, Electrical Engineer, Western United Gas and
Electric Company
J. L. SMITH, Supervising Engineer, Construction Department, Com-
monwealth Edison Company
Acknowledgment is made of the especially valuable services of this
committee, especially those of the present chairman MR. HALPERIN,
MR. BETZER, MR. JAQUES, and MR. CRAWFORD. Acknowledgment is also
made of the services of the student laboratory assistants on the investi-
gation, MR. W. J. CRAIG, MR. HARRY WETENKAMP, MR. JOHN CUN-
NINGHAM, and MR. ROBERT BROWN.
The investigation has been carried on as a part of the work of the
Engineering Experiment Station of the University of Illinois, and has
been under the general administrative direction of DEAN M. L. ENGER,
director of the Engineering Experiment Station, and PROFESSOR F. B.
SEELY, head of the Department of Theoretical and Applied Mechanics.
Acknowledgment is made to PROFESSOR V. P. JENSEN for his
services, advice, and suggestions in connection with the determination
of constants in the tensile strength-time equation, and in connection
with the methods of estimating strain developed in Appendix 1.
Acknowledgment is also made of the very helpful cooperation of
the Philadelphia Electric Company, especially that of MR. HOWARD S.
PHELPS, Engineer, MR. ALBERT M. GATES, Special Tester, and MR.
FRANK KAHN, Technical Assistant, all of the Special Investigation
and Testing Division of that Company. The data of their elaborate
bursting tests were placed freely at the disposal of the investigation
at the University of Illinois. They also supplied for tests of the effect
of grease coating on cable sheath the special corrosion-preventive
grease which they used on their cables in manhole ducts.
II. MATERIALS, TEST SPECIMENS, AND APPARATUS
4. Materials.-In all of the investigations carried out on lead
sheathing alloys, specimens have been taken from actual cable sheaths.
The investigation has been carried on keeping in mind the viewpoint
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TABLE 1
DATA OF SHEATHS FROM WHICH SPECIMENS WERE CUT
Classification of Metal
Calcium-bearing alloy*
Antimony lead
Tin lead
Chemical lead
Copper lead
Common desilverized lead, A
Soft undesilverized lead
Corroding lead
Nominal Dimensions
of Sheath
Outside
Diameter
in.
Wall
Thickness
in.
*Under "calcium-bearing alloy" are included several metals with different chemical compositions,
but with calcium as a significant alloying agent in each metal.
of the user of cable sheathing, and no attempt has been made to
develop any new alloys in the laboratory.
Table 1 gives a list of the different kinds of sheathing from which
the specimens were cut. Table 2 gives the results of chemical analysis
for most of the test sheaths furnished. A number of metals of some-
what different chemical composition, but all containing a significant
calcium content, are grouped under the title "calcium-bearing alloys,"
two metals containing a significant antimony content are grouped as
"antimony leads," and two metals with a significant tin content are
grouped as "tin leads." The remainder of the metals are classified as
Sheath
L-144A
C 244
2S
2SN
2T
2P
14
10
K
2K
V
2o
12
2Q
2U
16
18
19
L73 B
13
C 175
2C
2E
2F
1
2
2G
11
2M
5
6
15
2R
x
Manu-
facturer
V
II
V
V
II
II
V
V
III
II
IV
x
VIII
VII
VII
V
I
V
. V
VII
4IX
I
VII
VII
V
Sheath
Received
Feb., 1940
April, 1936
April, 1937
April, 1937
June, 1937
Oct., 1935
Feb., 1941
Feb., 1941
Nov., 1928
Aug., 1936
July, 1933
Feb., 1941
Feb., 1941
Nov., 1936
March, 1938
Feb., 1941
Feb., 1941
Feb., 1941
Aug., 1938
Feb., 1941
Sept., 1941
Nov., 1935
Dec., 1935
Dec., 1935-
May, 1939
May, 1939
May, 1936
Feb., 1941
Oct., 1936
Sept., 1935
Feb., 1941
Feb., 1937
Oct., 1936
ILLINOIS ENGINEERING EXPERIMENT STATION
S+++ +
+ 2s+ = o .
.... 0 .§ * .0 l<! = U~ ooO U" .""
So
0440
.0 04-
•
00
00
Soo
00
040
Z 1§
N 55
*<c 0010
^+ 0404'
00
00
0
0
44
do
80
-o0
»-04(
00
400 . 04 04 04 4'
040 Ci4 40 04 '0.04 -
0404 .. 4 4 40 .0 4... .. . .
0 .d- '... 04 •. . *ddo o: : :0
.. . .. o o . 0 .
oo *.o : • o o oo * o
OO OO § . .OOO OO000 ' 00 .. E
0 0 .0000 000 0
040 0 40... .
*11 N *0
0 0 000' 0
04 : : . . . .
0 00 - 00£ O D OO00
00 E. 0 00 .. 0
" * 0 "0 N " sV "
000 * 0
dd00 F- 004 0o 0 00' 0
c;. o .oo .c.oo o
z044 0 0 (M O 00 4
.040040 r-i M 0~ 1-1 ii -)
>4 .~
5~0 4)
.~0 -
~ .~ 4)4)
.0~
F- 0
.0
0
.0
40
44 4)04
0
0
FRACTURE AND DUCTILITY OF LEAD AND LEAD ALLOYS 11
.- 0- *,x -y
, 10, |
.0 0)=
a~c ai "
0) a oOJ,
OS Nt 0 0.1* ''S 0
0000[- ^ i 00 n 0 * . .00 00
00
00
0
0
0
0
0
Q
cH 0 00 o~
tCfMCCO=OOCO --I=0t0 ,-oCO ,<
0^ 0
-
1  
N ll X
§b|
I) § s ^| (s
0
V v
V V
: : : 00 : : : : :00, 0 0
.0 .0.. c0
iro iv *oogs *
000000 00 0 0
CDCC60 6F :E-:: :E D000
+1 8doo*o 
-
0
: +c
0
666t c, ; < -OS - 0 - C
"",co; g X,0ýý 'o:;
000 o*cc 00 00 cc 0*
t . . . . . . . . . . .555 : ;:~ 00 0 ;
000000 00000 0
000000 M4 
-
C^ '0'0 00OS 0 Oi 0 00I00 0 )
000000ý 0008~ 00 00ft- MN 0 0^0 00 -0 0
01000=0 000-0 C6
0 ^O Q *OOO C t
** R . . . . . . . . . . >
60=00 0 06
000000 00000 000)0v
ILLINOIS ENGINEERING EXPERIMENT STATION
-4'
Fic. 1. TENSILE TEST SPECIMEN FOR FRACTURE TESTS
being of the types, to which they most nearly conformed as prescribed
in Tentative Standard B-29-40T of the American Society for Testing
Materials.
5. Test Specimens.-Figure 1 shows the tensile test specimen used
for tests to fracture under long-time steady load. On some of these
specimens creep tests were also made, although for this short specimen
the measurement of creep was much less sensitive than for the speci-
mens with a 10-in. gage length, which are the regular creep test speci-
mens used in this investigation. Some specimens were cut with the
longitudinal axis transverse to the axis of the sheathing, and others
with the longitudinal axis parallel to the axis of the specimen. The
former are designated as transverse specimens, and the latter as
longitudinal specimens.
The specimens were usually chosen at random without any atten-
tion being given to their location with respect to the operation of the
lead press which produced the sheath from which they were cut. As
a matter of chance, the large majority of them were not from the
"critical region" in which the sheath consists of appreciable parts of
lead from two charges of the lead press. For those specimens which
were from the "critical region," it is known that the results for sheaths
of good quality are apt to be affected only in tests of the longest
duration. Perhaps, therefore, a few of the results for the longest test
periods are erratic because of the influence of this factor, but the
general trend for many results should not be appreciably affected.
6. Testing Machines Used.-The tensile specimens were tested by
loading with dead weights. Figure 2 shows a test rack taking 12 such
specimens. In this particular test rack the specimens were enclosed in a
wooden box, insulated with cork board, and were viewed through a win-
dow with two thicknesses of glass. Heat was supplied by electric heat-
ing coils, and was regulated by a De Khotinsky temperature control
apparatus, which maintained a temperature of 110 deg. F. ± 0.5 deg.
Repeated-stress tests were made to study the effect of speed of
loading and also the effect of a coating of grease on the endurance of
FRACTURE AND DUCTILITY OF LEAD AND LEAD ALLOYS
FIG. 2. TEST RACK FOR TENSILE TESTS UNDER LONG-CONTINUED STEADY LOAD
lead cable sheathing. The protective effect of a coating of grease is
supposed to be two-fold: (1) It protects the metal against corrosion,
and (2) it lubricates bearing surfaces where, under expansion and
contraction, the sheath rubs on a bracket or on the edge of a manhole
duct. This lubrication reduces wear, and also to some extent increases
the area of bearing pressure at sharp edges and reduces localized
stress. It is mainly this second feature which has been considered in
this bulletin. Tests on the effect of grease coating as an inhibitor of
air corrosion are now in progress. Other tests were made in fatigue
testing machines in which the speed of application of load could be
varied, and in which flat strips were used as the test specimens. These
machines are described in somewhat greater detail in a later paragraph.
III. TENSILE STRENGTH AND DUCTILITY OF CABLE
SHEATH METAL UNDER STEADY LOAD
7. Test Data of Long-Time Tensile Tests.-During the progress of
the investigation of lead sheath material over 300 tests to fracture
under long-time steady load have been made. The time required to
ILLINOIS ENGINEERING EXPERIMENT STATION
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FIG. 3. CARTESIAN, SEMI-LOGARITHMIC AND LOG-LOG DIAGRAMS FOR A SERIES OF
TYPICAL TENSILE STRENGTH-TIME TESTS OF CHEMICAL LEAD
fracture has varied from a fraction of an hour to 38 000 hours (about
4 years, 4 months). Most of the tests ran to at least 2000 hours.
The tests were made in test racks similar to those shown in Fig. 2.
For the shorter-time tests alarm clocks with an automatic stop oper-
ated by the fracture of a specimen were used. For 56 specimens meas-
urements of creep were made up to fracture. The tests were carried on
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in the east wing of the Talbot Materials Testing Laboratory. In that
part of the building there is no running machinery (except a freight
elevator) to cause vibration.
The specimen used for long-time tensile tests to fracture is shown
in Fig. 1. The elongation was measured over a 1-in. gage length across
the fracture.
The record of stress, time for fracture, and elongation after frac-
ture for each specimen was kept in a log book, which is on file at the
Talbot Laboratory. Then, for the specimens cut from each sheath, a
graph of stress and time required for fracture was plotted to a large
scale on a sheet of cross-section paper with stress as ordinate and
time to fracture as abscissa, both ordinates and abscissas being plotted
to a logarithmic scale. This method of plotting has been used in plot-
ting long-time fracture tests of steel at high temperatures under steady
load. Figure 3(c) shows to a reduced scale such a tensile strength-
time diagram (S-t diagram), which is characteristic. The large scale
diagrams for the specimens from each sheath are on file at the Talbot
Laboratory. The stress was figured on the basis of the original cross-
section of the specimen.
Elongations after fracture were also plotted on the large-size sheets
of log-log cross-section paper. These are discussed in a later section.
From these large scale diagrams values of tensile strength for 1
hour, 10 hours, 100 hours, 1000 hours and 10 000 hours were de-
termined from the curves drawn to fit the points located by the test
results for individual specimens. For some sets of specimens slight
extrapolation was necessary to locate the points for 10 000 hours, and,
in other cases, those for 1 hour. These results are shown in Table 3.
The significance of the values given under the heading "by formula"
will be discussed later.
8. A Proposed Formula for Tensile Strength of Lead Alloys Under
Long-Time Steady Tensile Stress.-Several different types of formula
were tried in an effort to find one which would fit the results tabulated
in Table 3. In a feasible laboratory test series the longest time for any
specimen should not greatly exceed 1000 hours. Now the satisfactory
length of service of a cable sheath may be as high as 30 years
(262 980 hours) with high oil pressure on the cable for perhaps 25 per
cent of the time.* This necessitates extrapolation of laboratory test
results in order to predict the duration of probable satisfactory
resistance to cracking of cable sheaths under internal oil pressure.
*See Bulletin No. 306, Engineering Experiment Station, Univ. of Illinois, Chapter VI by
Herman Halperin, especially Fig. 40, page 69.
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Figure 3 shows the results of a typical set of test results for the
metal from one sheath (chemical lead from Sheath 2Q, tested at 110
deg. F.), and illustrates the adaptability of three different systems of
plotting data of S-t diagrams when extrapolation of results is neces-
sary from values of tensile strength for 1000 hours under steady load.
Figure 3(a) is plotted to common Cartesian coordinates. It is evident
that it would be quite impossible to extrapolate from the results for
1000 hours to those for 10 000 hours with any degree of reliability.
In Fig. 3(c) both values of tensile strength and values of time are
plotted to logarithmic coordinates. Extrapolation from 1000 hours to
higher values of time would be more reliable for this scheme of
plotting than would extrapolation with Cartesian coordinate plotting.
However, the S-t diagram "droops" appreciably, and extrapolation of
a "drooping" curve always involves the danger of predicting results
on the "high" side, which in this case would be the "danger" side.
In Fig. 3(b) values of tensile strength are plotted to Cartesian
coordinates and values of time to logarithmic coordinates,-Fig. 3(b)
is a semi-logarithmic diagram. The curve is very nearly a straight
line, and is very slightly concave upward. The results shown in Table
3 were plotted to semi-logarithmic coordinates and they showed
either curves concave upward or straight lines; between 100 and 1000
hours the curves were very nearly straight lines.
Hyperbolic formulas were also tried, but the most satisfactory
formula was a semi-logarithmic of the form
S = S1 (1 -clog t) (1)
in which S denotes the tensile strength for any time t under steady
load, and S, and c are constants to be determined from the test values
of S for two different values of t.
For use in predicting the long-time resistance of the sheath to
cracking, extrapolation, unfortunately, is necessary, and the safest
extrapolation possible should be based on observed values for as long
a time as possible. Practically long-time tensile tests beyond 1000
hours would not, for acceptance testing at least, be feasible.
It is proposed to determine the constants S and c in Equation (1)
from the values of S determined from tests for fracture at 100 hours
and 1000 hours. Since log 100 is 2, and log 1000 is 3, call these values
S 2 and S,, respectively. Then two equations can be written
S, = S1 (1 - c log 100) = S1 - 2Sic
Ss = S1 (1 - c log 1000) = S, - 3Sic.
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Solving these simultaneous equations
S2 - S3 S2 - S3Si = 3S 2 - 2S3 and c = or c =
382 - 2 83 S1
Using sheath L73B as an example, from Table 3,
S2 = 1210 lb. per sq. in. and S 3 = 860 lb. per sq. in.
S, = 3X 1210 - 2 X 860 = 1910 lb. per sq. in. and
S 2 - S3 1210 - 860
c - - = 0.1832.
Si 1910
Having determined S1 and c, S can be determined from Equation
(1) for any time t. For example, the computation for sheath L73B of
S for 100 000 hours under steady tensile stress is as follows:
t 100 000; log t =5
S S= 1 (1 - 5c) = 1910 (1 - 5 X 0.1832) = 160 lb. per sq. in.
Values of S, and c for all sheaths tested are given in Table 4.
S, may be regarded as the tensile strength for 1 hour under steady
load, if it is assumed that Equation (1) holds for values of t as small
as 1 hour. However, for values of t less than about 10 hours the
general tendency shown by the metals tested was to develop higher
values of S than those given by Equation (1). This is not a serious
drawback since, if desired, the values of S for short-time tests can
readily be obtained by direct test. The principal use of Equation (1)
is as a formula for extrapolation to determine values of S for longer
times than 1000 hours.
A sheath under the usual daily cycle of oil pressure would require
11.4 years of time actually under pressure to make the value of t
100 000 hours. The total length of service before the sheath would
have withstood 100 000 hours under pressure would be three or four
times 100 000 hours, and may be estimated at 40 years. Hence the
extrapolated values of S for 100 000 hours is suggested as a possible
criterion for judging, at least relatively, the value of different metals
and sheaths in resisting cracking. Extrapolated values of S for
100 000 hours are given in Table 3.
It will be noted that values of S for t = 10 000 hours are given
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TABLE 4
VALUES OF CONSTANTS S 1 AND C
In the equation S = Si(1 - c log t), S denotes the tensile strength (lb. per sq. in.) for the time
t (hours) under steady tensile stress, Si and c are constants determined from the values given by
test results for S at 100 hours and S at 1000 hours. Assuming that the equation holds for short-time
tests, Si may be regarded as the tensile strength for 1 hour and it is the value listed in Table 3 under
the column heading "1 hour" and the sub-heading "by formula." This equation is suggested for use
in extrapolating results for periods of tensile stress longer than 1000 hours.
Metal
Calcium-
bearing
alloy
Antimony
lead
Tin lead
Chemical
lead
Sheath
L-144A
2S
2SN
2P
2T
K
2K
Tem-
pera-
ture
deg. F.
Room
Room
Room
Room
Room
110
110
Room
Room
Room
Room
Room
Room
Room
110
110
110
110
110
110
110
Si
lb. per
sq. in.
2900
3720
3580
2800
3500
Av. 3300
2540
3100
Av. 2820
3400
2760
Av. 3080
2500
1660
Av. 2080
1900
1740
1910
Av. 1850
1670
1690
1590
1660
1410
1510
1500
Av. 1576
c
0.138
0.164
0.165
0.143
0.186
0.159
0.165
0.194
0.180
0.176
0.174
0.175
0.180
0.120
0.150
0.158
0.155
0.183
0.165
0.186
0.172
0.170
0.169
0.163
0.186
0.187
0.176
Metal
Copper
lead
Common de-
silverized
lead, A
Soft undesil-
verized
lead
Corroding
lead
Tem-
pera-
ture
deg. F.
Room
Room
Room
Room
Room
Room
Room
Room
110
110
Room
110
Room
lb
sq
Av.
Av.
Av.
Si
.per
i. n.
1870
1360
1480
1030
980
1920
1440
1100
1320
c
0.166
0.147
0.149
0.150
0.143
0.174
0.155
0.145
0.159
1210 0.152
1340 0.172
1430 0.186
1385 0.179
1280 0.137
1430 0.168
1210 0.149
both "by test" and "by formula" in Table 3. If the value "by test"
is greater than that "by formula," the formula seems to be "on the
safe side." In Table 3 there are only six sheaths for which the value of
S for 10 000 hours was greater "by formula" than "by test." In the
worst case (sheath 2P, calcium-bearing alloy) the difference was slightly
less than 10 per cent. Moreover, it will be noted that for some values
of t such that c log t = 1, the value of S becomes zero, and for higher
values of t S becomes negative. Now a negative tensile strength is in-'
conceivable in a solid, and hence it seems that S may be regarded as
approaching zero asymptotically, and the formula proposed must lose
its significance if S approaches zero. Then the test value of S, if tests
could be carried out for very long times, would probably become higher
than the formula value for very low stresses. This would be true even
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FIG. 4. VALUES OF S& AND C IN EQUATION (1)
when the test value of S was lower than the formula value for 10 000
hours. The S-t diagram for test values would cross the line repre-
senting the formula at some point beyond 10 000 hours. These con-
siderations seem to indicate that the proposed formula may be reason-
ably satisfactory even in cases where the formula value for S for
10 000 hours is slightly greater than the test value.
In general, a high value of S, and a low value of c are desirable in
a cable sheath lead alloy. In Table 4 and Fig. 4 it will be noted that
in a general way a high value of S1 is accompanied by a high value of
c. This emphasizes the unreliability of the results of a short-time
tensile test as a criterion of resistance to long-time steady load of a
lead alloy. Not only is high short-time strength a factor in the re-
sistance to cracking in service of a cable sheath, but the amount of
reduction of tensile strength with time under load is, perhaps, even
more important; that is, the importance of the value of c in Equa-
tion (1) is as great as, and possibly greater than, the importance
of S. From Fig. 4 it will be seen that there is a large amount of
"scatter" in the results. Evidently several factors influence the value
of c. No attempt is made to fit any equation to the results shown in
Fig. 4. It may be noted that the results for the calcium-bearing alloys
indicate a somewhat less rapid increase of c than do the results for the
other leads.
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FIG. 6. RECRYSTALLIZATION OF SHEATH METAL
UNDER A TENSILE STRESS OF 1150 LB.
PER SQ. IN. FOR 2 HOURS
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FIG. 7. CRACKS DEVELOPED IN A TENSILE SPECIMEN AFTER A TENSILE
STRESS OF 600 LB. PER SQ. IN. FOR 3145 HOURS
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FIG. 8. MINIMUM VALUES OF ELONGATION AFTER FRACTURE
It seems to the writers that the results of tests for "life" and for
elongation of specimens of lead sheathing show that these values de-
pend not merely on chemical composition, but are largely affected by
the process of manufacture. The process of manufacture used may
affect the grain structure of the metal, and quite possibly its tendency
to crack with small elongation under long-continued tensile stress.
9. Ductility Under Long-Time Load.-It is natural to regard the
percentage of elongation after fracture as an index of the ductility of
the metal. Figure 5 shows graphically the elongation of the speci-
mens listed in Table 3. The diagrams of this figure are drawn to
log-log scales. In considering the elongation-time diagrams (e-t dia-
grams) the scatter of results is so great as to make it impossible to
derive any formula for the relation of elongation after fracture to time
under load. The elongation is probably affected by recrystallization
under stress (see Fig. 6), aging, irregular stress distribution over the
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FIG. 9. CREEP-TIME DIAGRAM TO FRACTURE OF COPPER LEAD
"necked down" part of the specimen, corrosion and unfavorable ori-
entation of crystalline grains. Cable sheath fractures by a spreading
crack under long-time steady tensile stress. The cracks formed spread
somewhat as fatigue cracks do, but under steady stress the rate of
spreading is much slower than under repeated stress. Figure 7 shows
such a crack developing in a specimen under steady load. Considering
all the factors mentioned, it is not surprising that there is a wide
"scatter" in results for elongation after fracture. Figure 8 is a line-
diagram showing minimum values of elongation for the specimens
from the various sheaths tested. No attempt has been made to state
any general law from these data. However, in the majority of cases,
the longer the time under load the smaller the elongation after
fracture.
For 56 long-time tension tests creep-time diagrams were drawn
to fracture, and two typical diagrams are shown in Figs. 9 and 10.
In the diagram shown in Fig. 10 there is a large difference between the
elongation after fracture and the elongation shortly previous to frac-
ture. This difference is much smaller for Fig. 9 than for Fig. 10.
Evidently the rapid increase in the rate of elongation just before
fracture (the "third stage" of a creep test) is associated with the
"necking down" of the specimen. It seems to the writers that the
elongation just before this third stage began may be more significant
than the elongation after fracture as a criterion of ductility of the
metal under long-time steady load. However, the precise point at
which the third stage begins proved to be as elusive as the "true"
elastic limit of metals. It was then decided to consider the elongation
for the time required for fracture if the rate of creep had remained
constant at its "second stage" value.* This determination is shown in
*In the "second stage" the creep rate of a metal is nearly constant, and the creep-time
diagram is very nearly a straight line.
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FIG. 10. CREEP-TIME DIAGRAM TO FRACTURE OF
CALCIUM-BEARING ALLOY
Figs. 9 and 10 by the prolongation of the second-stage creep line to
the abscissas representing the time for fracture, and the elongation
thus determined shown by ec, and the term "creep ductility" suggested.
Table 5 shows the range of values for this creep ductility obtained
in the tests herein reported. Inasmuch as it seems that elongation
developed to ec indicates the beginning of the third stage of creep and
incipient failure, it would seem that the value of ec would be a safer
basis for design of cable sheathing than the elongation after fracture.
In the making of a determination of ec for a specimen, it would be
necessary only to determine two points on the straight-line part of
the creep curve. Probably these could be determined with sufficient
accuracy by taking two readings, one a few hours after loading the
specimen and the other after about 0.5 per cent creep has taken place.
The determination of a third point as a check reading is desirable, if
feasible.
In Table 5 the average values of ec might serve as rough indices of
the relative effective ductility of the seven different types of metals
TABLE 5
VALUES OF "CREEP DUCTILITY" e6
Number of Values of en (per cent)
Sheath Metal SpecimensTested
for e. Maximum Minimum Average
Calcium-bearing alloy ....................... 19* 12 0.7 4.0
Antimony lead............................. 5 14 5.0 8.2
Tin lead ................................... 5 23 5.0 14.7
Chemical lead.............................. 9 30 5.0 22.4
Copper lead ................................ 9 30 15.0 21.8
Common desilverized lead, A................. 5 22 10.0 17.0
Soft undesilverized lead ..................... 0 .. . .. 0
Corroding lead............................. 4 21 9.0 17.5
*Five determinations of e. were made on specimens not listed in Table 1, Table 2, Table 3, or Fig. 5.
-
L ^
FRACTURE AND DUCTILITY OF LEAD AND LEAD ALLOYS
tested (a single result for soft undesilverized lead plus cadmium
is not sufficient for a sound index of effective ductility). The minimum
values of ec might serve as a tentative basis for estimating the limit-
ing value of allowable stretch for a given type of sheathing metal.
IV. CORRELATION BETWEEN BURSTING TESTS OF CABLE SHEATHING
AND TENSILE TESTS OF SPECIMENS CUT FROM SHEATHING
10. Comparative Tensile Test Results of Specimens of Different
Widths.-In considering the fracture of cable sheath under internal
pressure it has been pointed out that for fracture under circumferential
stress a very wide cross-section of metal is under tension. This is
in sharp contrast with the condition in the tensile specimen % in.
wide. Narrow specimens were selected for laboratory study because
on their cross-sections tensile stress would be more nearly uniform
than for wider specimens.
Tests on specimens from four sheaths have been made, both on
tensile specimens % in. wide and on tensile specimens 1 in. wide. One
sheath was of chemical lead, a second was of common desilverized
lead, A, a third of soft undesilverized lead, and a fourth of calcium-
bearing alloy. The results showing tensile strength and elongation are
given on Fig. 11. It will be noted that in each case there is little
difference between the tensile strength-time diagram for the wide
specimen and that for the narrow specimen. In the case of the calcium-
bearing alloy specimens, the wide specimens showed slightly lower
strength. In the case of the common desilverized lead, A, the reverse
was true. In the case of the chemical lead and the soft undesilver-
ized lead the lines seemed to cross or to lie close together.
From the elongation-time diagrams it was rather difficult to draw
conclusions. The elongations after fracture seem to be rather erratic,
probably due to the formation and spreading of cracks under long-
time steady load. In the case of the soft undesilverized lead the
elongation of the wide specimens was distinctly greater than that of the
narrow specimens. The same was true for the calcium-bearing alloy
specimens, though the narrow specimens show wide scatter. The chemi-
cal-bearing and the common desilverized leads do not seem to yield
very definite results as to the comparative elongation of wide and of
narrow specimens.
All these specimens were obtained from samples of sheathing sent
by the Philadelphia Electric Company. Their engineers marked orf
the pieces of sheathing sent to the Talbot Laboratory the location
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of the longitudinal line at which cracking took place. The tensile
specimens tested were cut transversely so that this line crossed the
reduced section of each test specimen.
The results of these tests give support to the idea that the differ-
ence in tensile strength under long-time steady load, as shown by
specimens ¼ in. and specimens 1 in. wide, is not very great. They
also, like the tests previously reported, show that the elongation after
fracture does not seem to be a satisfactory index of ductility of lead
under long-time steady load, quite probably on account of the effect
of spreading cracks in reducing ductility in a rather unpredictable
manner.
11. Stresses in Service and in Tensile Tests.-The test results on
wide specimens and narrow specimens threw some light on the effect
of width of specimen. However, in service, a length of cable sheathing
is frequently subjected to internal pressure from the oil inside. This
pressure sets up circumferential tensile stress in the sheathing, and at
the same time may set up longitudinal (axial) tensile stress half as
great as the circumferential stress. The strain accompanying the longi-
tudinal stress reduces the strain in the circumferential direction.
Probably this reduction of strain somewhat increases the strength of
the sheath against bursting.
12. Long-Time Bursting Tests by Philadelphia Electric Company.
-For several years in the laboratories of the Philadelphia Electric
Company there have been carried on long-time bursting tests on
full-section specimens of cable sheathing.* These bursting tests of full-
section specimens of cable sheathing have been of great value to de-
signers, producers, and users of cable sheathing. They are, however,
quite expensive to make, and it seemed worth while to make com-
parative tensile tests of specimens cut from some of the sheaths tested
in the laboratories of the Philadelphia Electric Company to see
whether for the purpose of judging the quality of the material in the
sheath the simpler tensile test could be used in place of the more ex-
pensive bursting test.
13. Correlation of Tensile Tests and Bursting Tests.-Through the
courtesy of Mr. Howard S. Phelps, Engineer of the Special Investiga-
tion and Testing Division of the Philadelphia Electric Company,
there were sent to the Talbot Laboratory ten different sheaths from
*Phelps, Gates and Kahn, "Internal Hydraulic Bursting Tests of Lead Cable Sheathing,"
Proceedings, American Society for Testing Materials, Vol. 40, page 885, 1940.
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which full-section bursting-test specimens had been cut and tested in
the laboratories of the Philadelphia Electric Company. From these
pieces of sheath transverse tensile specimens were cut. Figure 1 shows
the tensile specimen used, and in each specimen a longitudinal weld
crossed the reduced portion of the specimen. The chemical composition
and classification of the metal tested in all but two of these corre-
lation tests is shown in Table 2. The sheaths used in the correlation
test were sheaths 11 to 20, inclusive.* Of this list, one sheath was of
calcium-bearing alloy, six were of chemical lead, one of copper lead,
one of common desilverized lead, A, and one of soft undesilverized
lead. It was, of course, necessary to flatten these transverse specimens
before testing them. Both the bursting tests at Philadelphia and the
tensile tests at the University of Illinois were run at 110 deg. F.
For a comparison of the stress developed in the bursting tests with
the tensile strength developed in the tensile tests, the tensile strength
for bursting tests was computed by the ordinary thin-cylinder formula:
PDS = - , in which
2t
S denotes the tensile stress under a given bursting pressure
in lb. per sq. in.,
P denotes the internal oil pressure in lb. per sq. in.,
D denotes the inside diameter of the sheath in inches, and
t denotes the thickness of the wall of the sheath in inches.f
The outside diameter of the bursting test specimens averaged about
2.84 in. and the distance between the shoulders of the tensile speci-
men shown in Fig. 1 is 2%-in. Hence, a fair comparison of elongation
after fracture would seem to be a comparison of percentage increase in
the diameter of the bursting test specimens with the percentage elonga-
tion between shoulders of the tension test specimens.
Figure 12 shows the correlation of the results of the several
bursting tests and the tensile tests, and Table 6 summarizes the quali-
tative results. The bursting tests and the tensile tests give quite simi-
*The detailed chemical analyses for sheaths 17 and 20 were not available, and hence these
sheaths are not listed in Table 1 or Table 2.
tFor determining the circumferential tensile stress at bursting pressure the Philadelphia
Electric Company uses a formula taking into account the effect of the longitudinal stress on the
circumferential strain. However, both their formula and the thin-tube formula given above give
values of S proportional to P, and hence either may be used for obtaining a ratio of the tensile
strength in bursting tests of sheathing to that of tensile specimens cut from the same sheathing.
The ratio will not be the same in the two cases, but the stress given by the thin-cylinder
formula will serve for purposes of correlation.
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lar values for tensile strength, and, while the correlation of values of
elongation after fracture is not so good as that for the tensile strength,
the lack of correlation seems to be due as much to the scatter of results
of elongation in both bursting and tensile tests as to any systematic
difference in results of the two types of tests.
14. Conclusions From Correlation Tests.-These correlating tests
indicate that for purposes of acceptance or evaluation of strength and
static ductility of the material in cable sheathing the simple tension
test to fracture under steady tensile stress may be regarded as reliable
as the more complicated and expensive bursting tests. In this connec-
tion it should be most emphatically stated that no such statement as
this could have been made until there were available data of long-time
bursting tests of full-section specimens of cable sheathing. In furnish-
ing such data the engineers of the Philadelphia Electric Company
have performed a noteworthy technical service to the lead producer,
to the cable manufacturer, and to the cable user.
V. EFFECT OF NOTCHES
15. Effect of Notches on Tensile Strength of Specimens Under
Long-Time Load.-The question of the effect of grooves and scratches
on the tensile strength of lead alloys under long-time load is of obvious
importance since such grooves and scratches are likely to occur in the
placing of the cable. Figure 13 shows a machine for putting grooves
of definite depth and radius in tensile specimens of lead alloys. The
groove is made by a hardened steel point, P, attached to the end of a
micrometer screw head, M. Points with various radii of curvature are
used. The specimen is clamped in the vise, V, attached to the base of
the machine, B, and the hardened steel point, P, is forced across the
reduced section of the specimen by the screw, S, at the right. The
groove was thus made by a rounded point, not by a point shaped like
a cutting tool. It is believed that grooves in sheathing caused by
service conditions are usually more like those made by a rounded
point than those made by a sharp-edged cutting tool. The depth of the
grooves can be regulated by the micrometer, M. The grooves were
made with one pass of the micrometer across the specimen. Tests have
been made on specimens from sheath 2Q, chemical lead, from sheath r,
common desilverized lead A, and from sheath 2SN, calcium-bearing
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TABLE 6
QUALITATIVE CORRELATION BETWEEN LONG-TIME TESTS AND LONG-TIME
BURSTING TESTS
Metal
Common desilverized
lead, A
Chemical lead (antimony
high)
Chemical lead (+0.08
per cent tin)
Calcium-bearing alloy
Soft undesilverized lead
Chemical lead (+0.025
per cent tin)
Chemical lead
Chemical lead
Chemical lead
Copper lead
Diameter
of Sheath
in.
2.80
2.84
2.82
2.82
2.82
2.74
2.72
2.20
2.21
1.48
Correlation
For Stress at Fracture
Good
Good
Good
Fair; bursting values
less than tensile
Good
Fair; bursting values
slightly less than
tensile
Good
Good
Good
Fair; bursting values
less than tensile
For Elongation at Fracture
Good
Fair; bursting values less
than tensile
Fair; bursting values in-
crease with time
Poor; bursting values less
than tensile
Good; tensile values nearly
constant with increasing
time
Fair; bursting values near-
ly constant with increas-
ing time
Good; both bursting and
tensile values increase
with time
Poor; bursting values in-
crease with time
Poor; bursting values
greater than tensile
Fair; bursting values
greater than tensile
FIG. 13. APPARATUS FOR MAKING NOTCHES OF DEFINITE
DIMENSIONS IN TENSILE SPECIMENS
Sheath
11
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14
15
16
17
18
19
20
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alloy. Four different notches were used: (1) A round notch with a
radius of 0.05 in. and a depth of 0.01 in.; (2) a round notch with 0.05
in. radius and depth of 0.03 in.; (3) a 60-degree conical notch with the
point rounded to a radius of 0.005 in. and a depth of 0.01 in.; and
(4) the same conical notch with a depth of 0.03 in. Figure 14 shows
the results of the tensile strength-time tests to date. Diagrams are
also shown for unnotched specimens from the same sheaths as the
notched specimens.
Probably the most significant result is a comparison of the average
stress at the cross-section of the notch with the stress for the un-
notched specimens. In the case of the specimens from sheaths 7r and
2Q, the tensile strength based on area at cross-section of the notch was
greater than the tensile strength of the unnotched specimens. In the
case of the specimens from sheath 2SN, the reverse was true, and this
was especially pronounced in the notches 0.03 in. deep.
This result indicates that for the softer alloys tested, (Sheaths 7r
and 2Q), there does not seem to be any appreciable effective* stress-
concentration due to the notch, in fact, the tensile strength even under
long-time load seems to be increased slightly when based on actual
area of cross-section. This is the same kind of result as is found in
static tensile tests of ductile steel. It seems that the notch acts to
restrain lateral contraction and therefore reduces longitudinal strain,
and this tends to increase tensile strength. In the case of the specimens
from sheath 2SN, the calcium-bearing alloy does show a stress-con-
centration effect which indicates an effective stress concentration
factor of about 1.25 for the deep round notch, and also for the deep
conical notch. This is in line with results of repeated-stress tests on
other metals. In general, increasing the strength of a metal seems to
render it more sensitive to stress-concentration effects, and this was
found to be the case with the three types of cable sheath metal tested.
It should be said that the calcium-bearing alloy specimens were
thinner than the specimens from sheaths 2Q and 7r, and that for a
given depth of notch the proportional indentation would be deeper;
this would tend to increase the stress-raising effect. However, this does
not diminish the significance of the fact that any "stress-raising" effect
of a notch in the softer lead alloys tested did not overcome the in-
crease of strength due to the suppression of lateral contraction at the
notch.
*Stress concentration as shown directly by test results.
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VI. EFFECT OF GREASING LEAD SHEATHING METAL
16. Repeated-Bending Tests of Greased and Ungreased Specimens.
-Underground electric power cables expand and contract with changes
in temperature so that there is a daily movement at each end of a
400- or 500-ft. length amounting to from /4 to %/ in. in most cases,
depending upon the variation in load carried. This movement pro-
duces repeated bending of the cable in the manholes, and in many
cases the life of the cable is dependent on the ability of the sheath
to withstand this bending. Methods of lengthening this life are desired.
One method considered is to coat the sheath in the manhole with
grease to exclude air. Most companies use grease as a lubricant to pull
the cable into the duct and as a coating to retard corrosion, but usually
the grease has not been used on the cable in the manholes.
A number of tests under reversed bending have been made on
specimens of two cable sheathing metals, a chemical lead and a cal-
cium-bearing alloy, to investigate the effect of such greasing on the
resistance of the metal to cracking. The specimens were tested in pairs.
One specimen of a pair was clamped into the jaws of a repeated-
flexure fatigue testing machine without greasing. The specimen and
jaws were carefully cleaned of grease by the use of gasoline before
the test was started. The other specimen of the pair and the jaws of
the testing machine were both heavily coated with Atlantic lubricant
No. 31. This grease was supplied through the courtesy of the Phila-
delphia Electric Company, by whom it is used as a lubricant in pulling
and as a protection from corrosion.
17. Testing Machine and Specimen.-The testing machine used is
shown in diagram in Fig. 15. The speed of testing was 5 cycles per
minute. The type of jaw used is also shown in Fig. 15. The test strip
bore on a round steel rod 0.025 in. in diameter. As the specimen S is
bent back and forth, the outer fibers of the specimen were subjected
to a reversal of strain. The alloys tested all showed plastic action and
the strain to which they were subjected seems to be a better criterion
than the decidedly uncertain stress set up in the extreme fibers. The
number of cycles of reversed bending to cause fracture was indicated
by a revolution counter. An approximate method of determining the
strain from the deflection h is given in Appendix 1 of this bulletin.
It is there shown that the strain is approximately proportional to the
deflection, which, in turn, is equal to one-half the total vertical motion
of the variable-throw crankpin C.
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FIG. 15. DIAGRAM OF TESTING MACHINE FOR REPEATED-BENDING TESTS OF
GREASED AND UNGREASED SPECIMENS
18. Results of Tests.-Figures 16 and 17 show a comparison be-
tween the behavior of the greased and the ungreased specimens in the
form of strain-cycle (e-N) diagrams. Two characteristic metals were
tested, a chemical lead and a calcium-bearing alloy. The specimens
were rectangular strips % in. wide. In all cases fracture occurred at the
edge of the jaw.
Figure 16(a) shows a distinct lengthening of life for the greased
chemical lead specimens as compared with the ungreased. The bene-
ficial effect of greasing seems to increase with the number of cycles of
bending up to at least 20 000 cycles of reversed bending. At 10 000
cycles the strain withstood by the greased specimens is about 60 per
cent greater than the strain withstood by the ungreased specimens.
Figure 16(b) shows that for the calcium-bearing alloys tested there
seemed to be a fairly constant increase of strain withstood by
the greased specimens of about 20 per cent over that withstood by the
ungreased specimens. Figure 17, (a) and (b), shows that the chemical
lead seems to have a longer life for a given repeated strain than the
calcium-bearing alloy up to about 7000 cycles for the greased jaws
and up to about 3500 cycles for the ungreased jaws. For periods in-
volving more than these numbers of cycles the calcium-bearing alloy
showed longer life than the chemical lead.
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FIG. 16. COMPARISON OF TEST RESULTS FOR GREASED AND UNGREASED SPECIMENS
Both air corrosion and localized stress at the edge of the jaws were,
presumably, present in these tests. However, these tests did not run for
a very long time, and it would seem that they would be more signifi-
cant as an indication of the benefits derived by greasing on account of
the reduction of stress concentration at localized points of bending
than as an indication of the benefit of greasing as an inhibitor of air
corrosion. Long-time steady-load tension tests of pairs of specimens-
one greased and the other ungreased-are now in progress. These tests,
it is believed, will throw some light on the benefits of greasing as an
inhibitor of air corrosion.
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FIG. 17. COMPARISON OF TEST RESULTS OF CHEMICAL LEAD AND CALCIUM-BEARING
ALLOY SPECIMENS WITH AND WITHOUT GREASING
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VII. EFFECT OF FREQUENCY OF CYCLES OF STRESS ON
FATIGUE STRENGTH OF SHEATHING METALS
19. Testing Machine and Specimens.-The cycles of stress to
which cables are subjected by variations of pressure and movements
due to temperature changes occur very slowly, usually at the rate of
one cycle of stress per day. In studying the fatigue strength of cable
under these repetitions it seems necessary to study the effect of fre-
quency of cycles, and it was considered sufficient to carry the tests to
approximately 20 000 cycles. Allowing 500 cycles of stress per year
(1.37 per day), this corresponds to 40 years of service. Since cable
sheathing metal is by no means a perfectly elastic material it seemed
best to determine an endurance limit for a given number of cycles
in terms of strain rather than in terms of stress. Figure 18 shows a
repeated-stress testing machine used. The specimen, S, was vibrated
back and forth by the variable-throw crank, C, and the throw of the
crankpin was measured by a micrometer dial gage, M, which was slid
into position on the base of the machine when making a measurement.
The specimen S was held in jaws, J1 and J2, whose edges were shaped
to a curve so that the radius of curvature from the zero point, 0, to the
bottom of the jaw decreased as the vertical distance from 0. Now the
strain in the outer portion of the specimen is inversely proportional
to the radius of curvature, hence if a specimen is vibrated back and
forth and breaks at Y, the distance OY gives a measure of the radius
of curvature, and consequently of the maximum strain in the specimen
at the point of fracture. The mathematical treatment of the determi-
nation of strain is given in Appendix B.
It was found in practice that for low strains localized weak spots
in the metal near, but not at, the section of maximum strain tend to
become nuclei of fracture. Moreover, for small strains the radius of
curvature of the jaw is greater and a minute unevenness in the surface
of the jaw may determine the location of fracture. Figure 19 shows
strains in per cent as determined by the location of the fracture on the
jaws of the machine plotted against stroke of the machine in inches.*
It would seem that the relation of strain to stroke is given by the
equation e = 0.96b in which E is the strain in the extreme fiber in
per cent and b is the stroke of the variable-throw crankpin in inches.
The speed of the testing machine was varied by varying combinations
*The actual stroke of the machine was multiplied by the factor t/0.130 in which t is the
actual thickness of the specimen in inches, and 0.130 inches is an arbitrarily assumed "standard"
thickness of specimen. This means that the "adjusted" stroke is that stroke which would pro-
duce the same strain in a specimen of the same metal 0.130 inches thick as the strain which was
produced in a given specimen by the actual stroke of the crankpin.
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FIG. 18. REPEATED-BENDING TESTING MACHINE FOR STUDYING
EFFECT OF VARYING FREQUENCY OF CYCLES OF STRESS
of belt drive and worm gear. Tests were run at frequencies of 1, 6, 44,
and 248 cycles per minute.
The specimens used had a uniform width of % in. The shape of the
jaws was such as to minimize pressure, and therefore stress concentra-
tion, at the point where the specimen ceased to touch the jaws.
20. Results of Reversed-Bending Tests.-The strain-cycle (c-N)
diagrams are shown in Fig. 20. It will be noted that the effect of vary-
Aadfusted Stroke of Testing Mach/'e
FIG. 19. RELATION BETWEEN MAXIMUM STRAIN AS SHOWN BY POSITION OF
FRACTURE ALONG THE JAW OF THE TESTING MACHINE AND THE STROKE
OF THE VARIABLE-THROW CRANKPIN OF THE MACHINE
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FIG. 20. STRAIN--CYCLE DIAGRAMS-EFFECT OF FREQUENCY OF
CYCLES OF STRESS PER MINUTE
ing frequency of cycles of stress is less for the specimens of calcium-
bearing alloy (Fig. 20(b)) than for the specimens of chemical lead
(Fig. 20(a)). Figure 20(c) shows the strain-cycle diagrams super-
imposed. It is evident that the strain-cycle diagrams for the calcium-
bearing alloy tested are flatter than the strain-cycle diagrams for
chemical lead.
From the strain-cycle diagrams it is evident that no endurance
limit for an indefinitely large number of cycles of stress has been
reached. The curves do not flatten out. Endurance limits have been
taken at 5000, 10 000, and 20 000 cycles of stress and (in some cases
by extrapolation) at 50 000 cycles.
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FIG. 21. STRAIN FATIGUE LIMITS FOR DIFFERENT FREQUENCIES OF
CYCLES OF REPEATED BENDING
Figure 21 shows these limits plotted on log-log paper. It will be
observed that above 6 cycles per minute the endurance limits of the
calcium-bearing alloy were not much affected by frequency of cycles
of strain, while throughout the range of the tests the endurance limit
for the chemical lead increased with the frequency of cycles per
minute.
It is also to be noted that these curves of endurance limits all
slope down to the left, indicating that for even fewer cycles per minute
the endurance limits would be still lower. Tests in this region would
be very time-consuming indeed, but it would seem decidedly desirable
to obtain some test data in this region of very low frequencies of ap-
plication of load.
These test results indicate that under service conditions with daily
cycles of strain sheath fractures might occur in commercially-pure
lead sheaths after 20 000, or even 10 000, cycles of reversed strain
as low as 0.10 per cent. A common daily movement at the duct mouth
for a well-loaded cable is about Y2 in. and the corresponding strain
in the sheath metal is about 0.15 per cent in each direction.
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VIII. MISCELLANEOUS STUDIES
21. Tensile Strength and Elongation of Longitudinal and of Trans-
verse Specimens.-Figure 22 shows the tensile strength-time (S-t)
diagrams for all specimens tested at room temperature which were cut
from calcium-bearing alloy sheaths, tin lead sheaths, chemical lead
sheaths, copper lead sheaths, common desilverized lead sheaths, and
corroding lead sheaths. It also shows a S-t diagram for all specimens
of chemical lead tested at 110 deg. F. These diagrams cover the tests
of all metals for which both longitudinal and transverse specimens
were tested.
Each S-t diagram in Fig. 22 represents an average diagram for all
the specimens from all sheaths of that metal tested. It will be noted
that, in general, one diagram serves for both longitudinal and for
transverse specimens. Two exceptions are noted: (1) the results of
the tests of calcium-bearing alloys in which fracture occurred in
100 hours or less, and (2) the results of the tests of copper lead speci-
mens. In both these cases the transverse specimens show lower tensile
strength than the longitudinal. However, in general, the difference
between the tensile strength of longitudinal specimens of a lead sheath-
ing metal and the tensile strength of transverse specimens seems slight.
It may be noted that in some of the metals tested the transverse speci-
mens were taken so that a longitudinal sheath weld crossed the reduced
section of the specimen.
The use of "average" S-t diagrams seemed satisfactory for study-
ing the relative tensile strength of longitudinal and of transverse speci-
mens, but, on account of the marked "scatter" in the values of elon-
gation after fracture (see Fig. 5) it was not satisfactory for com-
paring the elongations after fracture. There were six sheaths from
which both longitudinal and transverse specimens had been cut, and
the elongation-time (e-t) diagrams from these six sheaths are shown
in Fig. 23. It will be seen that for all metals except corroding lead, the
elongations of transverse specimens are lower than the elongations of
longitudinal specimens, although the difference is slight in the case of
the specimens of chemical lead tested. Now some of the transverse
specimens tested contained welds crossing the reduced section, and it
may be questioned whether their reduced elongation was due to the
directional properties of transverse specimens or to the weld. This is
discussed in the next section.
22. Effect of Welds on Tensile Strength and Elongation.-In view
of the tensile strength results shown in Fig. 22 it seems that for the
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FIG. 23. COMPARISON OF ELONGATION AFTER FRACTURE OP
LONGITUDINAL AND TRANSVERSE SPECIMENS
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FiG. 24. COMPARISON OF ELONGATION OF SPECIMENS WITH
WELDS AND SPECIMENS WITHOUT WELDS
metals tested specimens with welds showed at most only a slight in-
feriority to those without, since some of the transverse specimens had
welds in them, and others were free from a welded joint, and since,
in general, one diagram fits all specimens tested.
However, Fig. 23 shows distinct evidence of lower elongation for
transverse specimens than for longitudinal, and some of the transverse
specimens whose test results are shown in Fig. 23 had welds in them.
In two of the sheaths tested some transverse tensile specimens were cut
with welds crossing the reduced section of the specimen, and others
from the same sheath had no welded joint. Figure 24 shows elonga-
tion-time diagrams for specimens from these two sheaths, and it is
seen that elongation values for both specimens with weld and for
weld-free specimens fall on the same diagram with two abnormally
high values of elongation for weld-free specimens from the copper lead
sheath. This indicates that for these two sheaths there are no marked
differences between the elongation of transverse specimens with weld
and the elongation of weld-free specimens, with a very slight difference
noted in favor of greater elongation for weld-free specimens.
In the case of the correlation tests between bursting tests and
tensile tests of lead sheathing metals (see pages 15-19), information
was received that all bursting test specimens failed through a weld,
and it was noted that the majority of transverse tensile specimens
from these sheaths also failed in a weld.
It would seem, therefore, that so far as these tests show, the tensile
strength of sheathing metal is slightly, if at all, affected by the direc-
tion of the axis of the specimen (longitudinal or transverse with re-
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FIG. 25. CRACKS DEVELOPED BY FLATTENING A CIRCUMFERENTIAL
SPECIMEN OF CALCIUM-BEARING ALLOY
spect to the axis of the sheath), the advantage, if any, being with the
longitudinal specimens. The ductility, as measured by the elongation
after fracture, seems to be somewhat greater for the longitudinal speci-
mens, with no clear evidence that a weld across a transverse specimen
appreciably lessens its elongation. However, it may be noted that
most of the elongation of a transverse specimen with a weld takes
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place outside the weld, and that a slight difference in elongation in the
weld itself would not necessarily make an appreciable difference in the
elongation developed, but might be sufficient to determine the location
of the fracture. This conclusion seems to be in harmony with the re-
sults reported from the bursting tests and the results of the corre-
sponding tensile tests.
23. Cracks in Calcium-Bearing Alloy Specimens After Flatten-
ing.-In taking transverse tension specimens from sheathing it is
necessary to flatten them out. No apparent change of properties has
been found for the softer leads, but samples of calcium-bearing alloy
from sheath 2SN gave erratic results under tests involving some vibra-
tion of the specimen. An examination of the inside surface of the
sheathing disclosed a development of cracks; this is shown in Fig. 25
in which the left side (a) is from the inside surface of unflattened
metal, and the right side (b) shows the inside surface of flattened
metal. Apparently many cracks or serious displacements of grains
are shown in the flattened metal. By careful watching through a micro-
scope with a somewhat larger magnification, some of these cracks
could be seen to open and close when the specimens were bent back
and forth. When some of the cracks were opened farther into the metal
a portion of the surface appeared discolored as if a crack had been
present before flattening the metal, and beyond the "old" portion of
the crack bright metal could be seen. This indicates that cracks
probably were in the sheath as received, and that they were spread
further when a piece of the metal was flattened so that tensile speci-
mens cut from it could be tested.
This flattened material did not show erratic results under dead-
load tests free from vibration, but did show erratic results under a
steady load combined with slight vibration. This is characteristic of
ductile metals under repeated stress in which "stress raisers," such
as cracks, affect the strength under repeated stress very much and the
stress under static load very little.
24. Cable Sheath Metals Under Steady Load Plus Vibratory
Stresses.-A problem fully as important as the problem of the failure
of cable sheath materials under repeated bending is the problem of
failure of metal in sheaths, which are at times subjected to cycles of
very slight vibratory stress in addition to steady load due to oil pres-
sure. It has been noted previously that under steady load cracks spread
in cable sheathing materials, somewhat as they do under repeated
stress, but much more slowly. It would, then, seem rather probable
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that superimposed vibration might materially shorten the "life" of a
cable sheath.
Some tests on cable sheathing metal under combined steady load
and vibration were reported in Bulletin No. 306, Engineering Experi-
ment Station, University of Illinois. The vibratory stresses used varied
from about 1 per cent to about 3 per cent of the steady stress. A very
material reduction in life of the metals was shown.
During the past two years specimens have been tested in which
it was attempted to apply smaller vibratory stresses to tensile speci-
mens than were used in the tests reported in Bulletin No. 306. So
far, the measurement of these small vibratory stresses has not been
satisfactory. It is hoped to take up or continue this problem in the
laboratory.
25. Fracture Tests of Tensile Specimens With Vibration Sometimes
Encountered in Service.-At the intersection of Ashland Boulevard,
Cermak Road, and Blue Island Avenue in Chicago, there is a man-
hole for the underground cables of the Commonwealth Edison Com-
pany. Three lines of street cars, one on each of the streets, pass very
close to this manhole, and the vibration set up is very obvious to an
observer in the manhole. Tensile specimens from sheaths 2SN (cal-
cium-bearing alloy), 2U (chemical lead), and 2Q (chemical lead) were
suspended from hooks set in the wall of the manhole, and loaded with
dead weights. Previous tests had been made on specimens from these
sheaths tested in the Talbot Laboratory in the room in the building
freest from vibration. Figure 26 shows a comparison of the "life" of
the specimens in the manhole with that of the specimens tested in the
laboratory. It may be noted that, judged by the time necessary to
fracture specimens under a dead load, the life of the specimens from
sheath 2SN (calcium-bearing alloy) was reduced by about one-half
for the higher stresses, and apparently very little, if at all, at the lower
stress. This last point seems somewhat open to question. For the
chemical lead from sheath 2U, the life was reduced very much more,
the life in the manhole averaging something like one-eighth (1/) the
life in the laboratory test. For the chemical lead, sheath 2Q, the result
of manhole tests showed a life about one-tenth ('1/o) the life in the
laboratory tests at the same stresses.
Comparing performance on the pieces of lead for a given life, for
the specimen from sheath 2SN the stresses were about 90 per cent
of the stresses determined for a given life in the laboratory tests;
for sheath 2U, this ratio is about 78 per cent, and for sheath 2Q it
is about 75 per cent.
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FIG. 26. TENSILE STRENGTH-TIME DIAGRAMS FOR LABORATORY
TESTS AND MANHOLE TESTS
From the previously-mentioned laboratory tests of specimens under
steady tensile load plus slight vibration a rough estimate of the vibra-
tory stresses in the laboratory tests indicates that a vibration pro-
ducing a reversed stress of about 0.5 per cent of the steady stress
shortened the life of the laboratory specimens to about the value
shown in the manhole tests. Of course, this does not mean that the
cables in the manhole were subjected to any such range of vibratory
stress, but that the loaded tensile specimens hung from the cable-
supporting hooks may have been subjected to about this range of
vibratory stress.
While these tests are rather crude qualitative tests, they do indi-
cate that vibration met in service may act seriously to reduce the
life expectancy of cable sheathing.
26. Effect of Temperature on Tensile Strength of Cable Sheathing
Leads.-When the tests recorded in this bulletin were planned the
question of effect of temperature was not at first included. As the tests
developed it became necessary to make tests at different temperatures,
especially when the correlation of tensile test results with bursting
test results was studied. There are as yet not enough data available
60,9
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TABLE 7
EFFECT OF TEMPERATURE ON VALUE OF CONSTANT C
S = 8(1l - c log t)
In which S is the tensile strength (lb. per sq. in.) for any time t (hours) under steady load, and
S1 and c are experimentally determined constants, see Chapter III.
Metal
Calcium-bearing alloy.............................
Antim ony lead ...................................
T in lead ........................................
Chem ical lead ....................................
C opper lead .....................................
Common desilverized lead, A ......................
Soft undesilverized lead...........................
Corroding lead...................................
Average of values for sheaths of the leads listed in Ten-
*st ;ie t ... And TId B-29-4P f th A CTM (C' e-
Average Value of c
(from Table 4)
R.- tDfi/
Room
Temperature
(A)
0.159
0.175
0.150
0.165
0.155
0.152
0.137
0.149
ical lead, copper lead, common desilverized lead,
A, soft undesilverized lead, and corroding lead).... 0. 152
110 (B) :(A)
deg. F.
(B)
0.180
0.176
0.179
0.168
0.174
1.13
1.07
1.23
1. 14
to draw any but tentative conclusions concerning the effect of temper-
ature on tensile strength under long-time steady load.
As the basis for such tentative conclusions the value of the con-
stant c in the formula S = St (1 - c log t) seems suitable,* since it is
a measure of the loss of tensile strength from the one-hour test value.
Table 7 gives average values of the constant c as determined from
long-time tensile tests under steady load, and from the values there
given it seems that for the leads listed in Tentative Standard B29-40T
of the American Society for Testing Materials the reduction of tensile
strength for any given time at 110 deg. F. was about 14 per cent greater
than the reduction of strength for the same time at room temperature
(about 70 deg. F.). For the calcium-bearing alloys tested the reduc-
tion of tensile strength under 110 deg. F. is about 13 per cent greater
than the reduction of tensile strength under room temperature.t
The tests so far made do not give data sufficient even for a tenta-
tive estimate of the ratio of the one-hour tensile strength at room
temperature to the one-hour tensile strength at 110 deg. F. Further
tests of companion specimens of various alloys at 70, 110, and 150
deg. F. are needed.
*In the above formula S is the tensile strength for any time t under steady load, Si and c
are experimentally-determined constants; see page 18.
tin Table 7 the average value of c for calcium-bearing alloy at 110 deg. F. seems high. A
reference to Table 4 shows that the values for specimens from the two calcium-bearing alloy
sheaths tested at 110 deg. F. differ widely. Further test results are needed before attempting to
give any quantitative evaluation of calcium-bearing alloys at 110 deg. F., as compared with the
other alloys. It may be noted that the value of c for common desilverized lead, A, at 110 deg. F.
is about the same as the average value for the calcium-bearing alloys tested.
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IX. CONCLUSIONS
27. Summary and Conclusions.-
(1) Tests reported in this bulletin were made on specimens from
35 sheaths for underground electric power cables. Dimensions and
chemical analyses of most of these sheaths are given.
(2) Tests to fracture were carried out under steady load on tensile
specimens from 33 of these sheaths. Some of the tests were made at
room temperature (average about 70 deg. F.) and others at 110 deg. F.
A summary of the results is shown in Tables 3 and 4 and Figs. 5 and 6.
(3) The following equation is suggested as giving the relation
between tensile strength and time under steady tensile load.
S = Si (1 - c log t)
in which S denotes the tensile strength (lb. per sq. in.) for any time
t (hours).
Si and c are constants determined for the metal from any sheath
by a series of tests of specimens using different steady
loads. The loads should be chosen so that at least one
specimen withstands the load for 1000 hours or more
before fracture occurs. Si is usually slightly less than the
tensile strength for one hour under steady load as
determined by test.
(4) In general, the amount of elongation developed at fracture
decreases with the time under load. However, there is so much scatter
in the results of elongation tests that no attempt has been made to
formulate even a qualitative statement of its value.
(5) A new index of ductility is proposed, namely, the elongation
which the specimen would have had in a given time for fracture had
the creep proceeded at a steady rate instead of being greatly acceler-
ated as the specimens began to "neck down." Some tentative values of
this proposed index are given in Table 5. For this proposed index of
ductility the name "creep ductility" and the symbol ec are suggested.
(6) Comparative tests were made of specimens from several
sheaths using two different widths of specimens, - 1/4 in. and 1 in. No
marked 'difference in tensile strength was observed for the two types
of specimen. The wide specimens seemed to show slightly greater elon-
gation after fracture.
(7) Comparative results of tensile strength and elongation have
been obtained by a study of bursting tests of full-section sheathing
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under hydrostatic pressure carried on at the laboratories of the Phila-
delphia Electric Company and of test results of tensile specimens cut
from the same sheaths. The tensile strengths for a given time required
to produce fracture were nearly the same for cylindrical sheaths in
bursting tests as for strip specimens in tensile tests, but there was
rather poor correlation on the amounts of elongation. However, in both
types of tests there was a general tendency for the amount of elon-
gation to diminish as the time to fracture increased. As an acceptance
test, or as a test for studying the properties of a new alloy, the rela-
tively inexpensive tensile test would seem to be as satisfactory as the
more elaborate bursting test.
(8) The effect of notches of different shapes and depths on the
strength of tensile specimens of cable sheathing metal was studied.
The tests indicated that for the softer sheathing metals tested under
long-time load there did not seem to be any appreciable weakening
due to stress concentration, as shown by the average stress developed
on the area of cross-section at the root of the notch.
(9) Tests under cycles of reversed bending were made on strip
specimens of a chemical lead and of a calcium-bearing alloy. For half
of the specimens tested the specimens and the jaws holding them were
heavily coated with grease: for the other half the specimens and the
jaws were cleaned and dried. The coating of grease is presumed to act
to diminish the intensity of pressure (and of stress) at the edge of the
jaws, and to inhibit (or at least retard) corrosion of the specimen.
The greased specimens showed greater strength for a given number
of cycles of reversed flexure than did the ungreased specimens.
(10) Tests under cycles of reversed bending with different fre-
quencies of cycle were made on strip specimens of a chemical lead
and of a calcium-bearing alloy. In these reversed-bending tests the
strain (deformation per unit length) in the outer fibers of the strip
specimen for a given number of cycles to fracture increased with the
increase of frequency of cycle. Tests were made with frequencies of
1, 6, 44, and 248 cycles per minute. This increase of fracture-strain
with frequency was considerably greater for the chemical lead than
for the calcium-bearing alloy. In other words, the amount of strain
which the metals tested withstood for a given number of cycles de-
creased with decreasing frequency of cycle, and the rate of decrease
was greatest at the lowest frequency. This effect of frequency is at-
tributed to the fact that lead and lead alloys creep under stress at
room temperature.
(11) A study of long-time tensile tests of longitudinal and trans-
verse specimens cut from pieces of cable sheathing showed that there
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was very slight difference in tensile strength between longitudinal
specimens and transverse specimens, with possibly a slightly higher
strength for the longitudinal specimens. The tests of elongation after
fracture indicated, in general, that the longitudinal specimens showed
higher elongation than the transverse specimens, although there was
so much "scatter" of results that no quantitative conclusions could
be drawn.
(12) For studying the effect of welds on the tensile strength of the
sheath under long-time steady load, two series of tests were made,
one on transverse specimens of copper lead, and one on transverse
specimens of corroding lead. In both cases some specimens were taken
with a weld crossing their reduced section, and another set was taken
of specimens free from welds. The elongations after fracture did not
seem to be appreciably affected by the presence of the weld. In the
tests summarized in conclusion (11), results of tests of transverse
specimens, some of which contained welds, indicate that these results
fall on the same S-t diagram as do the results for tests of specimens
without welds. In the bursting tests fractures occurred at the welds,
as they did in most of the corresponding tensile tests. It seems that the
weld may have enough weakening effect to locate the fracture, but
not enough to affect tensile strength or elongation after fracture
appreciably.
(13) Some of the calcium-bearing alloy specimens cut circumfer-
entially from the sheath (transverse specimens) showed fine cracks on
the inner surface of the metal. These cracks did not appreciably di-
minish tensile strength under steady load, but did show evidence of
weakening the metal under vibratory load. Careful examination of
these cracks indicated that they may have been present in the sheath
after extruding, and then opened and deepened by the flattening out
of the specimen so that it could be fastened in jaws for a long-time
tensile test.
(14) Some few tests without definite results have been made in
the laboratory to study the effect of slight vibratory stress super-
imposed on steady stress on the tensile strength of the metal. Actual
tests of specimens, hung in a manhole, subjected to severe vibration
from passing street car traffic, indicated a distinct diminution of the
endurance of tensile specimens loaded with dead weights as compared
with that found for specimens from the same sheaths tested under
dead weights in the laboratory.
(15) A comparison of the tensile strength of specimens of the
cable sheathing metals tested at room temperature (about 70 deg. F.)
with that of specimens tested at 110 deg. F. indicates an appreciable
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difference in tensile strength at the higher temperature, and also a
somewhat greater rate of decrease of tensile strength as time under
load increased.
APPENDIX A
APPROXIMATE COMPUTATION OF STRAIN IN EXTREME FIBERS OF REC-
TANGULAR TEST STRIP OF LEAD ALLOY FROM LOAD-DEFLECTION
DIAGRAM OF SPECIMEN LOADED AS CANTILEVER BEAM
This method was suggested by Professor V. P. Jensen of the De-
partment of Theoretical and Applied Mechanics. It is an approximate
method, but the approximation is believed to be adequate for com-
parative evaluation of different lead alloys.
For a beam of elastic material, loaded as a cantilever
Pl 3
h =3-E'
3 EI
in which,
h denotes the deflection at the free end of the cantilever (inches)
P denotes the concentrated load at the free end of the cantilever
(pounds)
1 denotes the length of span of the beam (inches)
E denotes the Modulus of Elasticity of the material (lb. per
sq. in.)
I denotes the moment of inertia of the cross-section of the
beam (in.4).
For a test strip of lead alloy the material is not perfectly elastic,
in fact it is decidedly plastic, and it is assumed that
Pl3
h = -
3Q
in which, Q is a variable replacing the constant product EI. This as-
sumption is not precisely true, as it involves the further assumption
that the stress distribution diagrams at different points along the
beam (a, b, c, d in Fig. 27) are similar figures, which is not strictly
true. However, the influence of the stress distribution near the support
of the beam, where the bending moment and stress are a maximum, is
greater than that of the stress distribution at other locations along
the beam, and the assumption of Q as a variable which may be used
in place of the constant El seems justified as an approximation.
Figure 28 shows a static load-deflection diagram for specimen
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FIG. 27. STRESSES IN AN IMPERFECTLY ELASTIC BEAM
C-175-1, Chemical Lead, tested under the same span 1 and up to the
same deflection (0.155 inch) as the span and deflection used in the
subsequent reversed-bending test.
Pp1
-- = h and Q =
3Q and the bending moment M = Pl.
Now the radius of curvature R of an elastic beam at any point
along the beam is given by the equation R = EI/M, in which M and
R are the bending moment and the radius of curvature at that par-
ticular point. Assuming in an imperfectly elastic beam, such as a lead
test strip, that El can be replaced by Q then
Q Pl3 12
M 3Plh 3h
Def/ect/or? M7 //7nches
FIG. 28. LOAD-DEFLECTION DIAGRAM FOR SPECIMEN FROM SHEATH C-175
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But (see Fig. 30 Appendix B) the strain e is given by the equation
t 1 t 3h 3th
=- X-- X- = (A)
2 R 2 12 212
This assumption is subject to about the same error as that noted in
the preceding (p. 58).
The thickness of specimen C-175-1 was measured and found to
be 0.149 inch. Then under a subsequent deflection of 0.155 inch in
the reversed-bending test the strain in the extreme fiber of the speci-
men was, approximately
3 X 0.149 X 0.155
e= 2 3.1 = 0.0036 or 0.36 per cent.
2 X 3.12
APPENDIX B
APPROXIMATE DETERMINATION OF STRAIN IN BEND-TEST
SPECIMEN HELD IN SPECIAL CURVED JAWS
Figure 18 shows the testing machine used for determining strain-
cycle diagrams of strips of cable sheathing metal subjected to cycles
of reversed flexure.
Figure 29 shows one of the special jaws with a specimen bent along
the curved portion OA.
The curve OA was machined to fit the equation y = 0.0128 x3 . The
origin of the curve is at 0.
dy
Then -- = 3 X 0.0128 x 2 = 0.0384 x 2 and
dx
dcy-- = 6 X 0.0128 x = 0.0768 x
dx2
but for a "flat" curve d 2y/dx2 may be taken as 1/R, in which R is the
radius of curvature of the point x.
Figure 30 shows the relation of strain, thickness of strip specimen
and radius of curvature which holds if the assumption that a plane
section before flexure remains plane after flexure.
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FIG. 29. CURVED JAW FOR HOLDING SPECIMEN
If e is the strain in an outer fiber (inches per inch), t is the thick-
ness of the strip specimen (inches), R the radius of curvature (inches)
over the small length Ax and Ae the elongation of the outer fiber over
the length Ax, then
Ae
Ae
AX
t/2 t 1
X- 2 RR 2 
Hence for any point within the length OA in Fig. 34
t d2y
S- X
2 dx 2
X 0.0768 x = 0.0384 tx.
That is the strain at the surface of the strip specimen is propor-
tional to x for that part of the specimen in contact with the vise jaw,
and is a maximum at the point y where contact ceases. Now, for a
homogeneous material, if fracture occurs it will occur at an extreme
L-= ,½pa
2/1? in/ 2. per/ 1.
r
if-
Xf 5
FIG. 30. STRAIN AND RADIUS OF CURVATURE IN A BEAM
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point of contact with abscissa xf. The value of xf can be read off the
scale and the strain at point of fracture
ef = 0.0 3 8 4 t Xf. (B)
As noted in the text, it was found that this method of determining
strain was more accurate for large strains than for small. The method
used in determining strains for a series of specimens was to determine
the strain for a large stroke of the adjustable-throw crank, using
Equation (B), and then to measure the stroke of the crank for each
specimen tested and assume that the strain developed was propor-
tional to the stroke of the crank. Figure 19 shows this to be a rough
approximation.
APPENDIX C
AMERICAN SOCIETY FOR TESTING MATERIALS CHEMICAL REQUIREMENTS
FOR VARIOUS GRADES OF PIG LEAD
Table 8 is copied, by permission, from the A.S.T.M. 1942 Book of
Standards, Part I, page 1361, Tentative Standard B-29-40T.
TABLE 8
A.S.T.M. CHEMICAL REQUIREMENTS
Silver, max., per cent....
Silver, min., per cent....
Copper, max., per cent...
Copper, min., per cent...
Silver and copper to-
gether, max., per cent
Arsenic, max., per cent...
Antimony and tin to-
gether, max., per cent
Arsenic, antimony, and
tin together, max.,
per cent...........
Zinc, max., per cent.....
Iron, max., per cent.....
Bismuth, max., per cent..
Lead (by difference),
min., per cent ......
Corrod-
ing
Lead*
0.0015
0.0015
0.0025
0.0015
0.0095
0.0015
0.002
0.05
99.94
Chemical
Lead*
0.020
0.002
0.080
0.040
0.002
0.001
0.002
0.005
99.90
Acid
Lead*
0.002
60.080
0.040
0.002
0.001
0.002
0.025
99.90
Common
Copper Desilver-
Lead*
0.020
O.080
0.040
0.015
0.002
0.002
0.10
99.85
ized
Lead A*
0.002
0.0025
0.015
0.002
0.002
0.15
99.85
*Explanatory Note:
Corroding lead is a designation that has been used for many years in the trade to describe lead
which has been refined to a high degree of purity.
Chemical lead has been used for many years in the trade to describe the undesilverized lead
produced from Southeastern Missouri ores.
Acid lead is made by adding copper to fully refined lead.
Copper lead is made by adding copper to fully refined lead.
Common desilverized leads A and B are designations that are used to describe fully refined
desilverized lead.
Soft undesilverized lead is used in the trade to describe the type of lead produced from ores of
the Joplin, Mo., district.
Common
Desilver-
ized
Lead B*
0.002
0. 0025
0.015
0.002
0.002
0.25
99.73
Soft
Unde-
silverized
Lead*
0.002
0.04
0.015
0.002
0.002
990.00593
99.93
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